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Enterotropic mouse hepatitis virus strains (MHV-RI and MHV-Y) replicate in the intestine and rarely disseminate to other 
tissues, unlike respiratory MHV strains. Murine carcinoembryonic antigen-related glycoproteins (MHVR and mmCGM 2 ) are 
expressed in many murine tissues and serve as receptors for respiratory MHV strains. To assess the role of receptors in 
the limited tissue tropism of enterotropic MHV strains, the permissiveness of MHVR- and mmCGM 2 -expressing cell lines 
and peritoneal exudate cells from BALB/c and SJL mice for MHV-RI and MHV-Y replication was determined. MHVR- 
transfected BHK cells were susceptible to infection with both MHV-RI and MHV-Y. Additionally, the anti-MHVR monoclonal 
antibody CCt blocked MHV-RI and MHV-Y infection. mmCGM 2 -transfected BHK cells were susceptible to infection with 
MHV-Y, but not MHV-RI. Peritoneal exudate cells from BALB/c mice were susceptible to infection with MHV-Y and MHV- 
RI, whereas peritoneal exudate cells from SJL mice were susceptible to infection with MHV-Y but not MHV-RI. These results 
indicate that MHV-RI probably uses a different receptor than other MHV strains to infect SJL mice and that receptors are 
probably not the primary determinant of the limited tissue tropism of enterotropic MHV strains. © 1994 Academic Press, in C . 


Mouse hepatitis virus (MHV}, a singular name for sev¬ 
eral murine coronaviruses, causes a wide spectrum of 
clinical outcomes ranging from subclinical infection to 
enteritis, hepatitis, encephalitis, and death. MHV strains 
can be segregated, based on their site of initial replica¬ 
tion, into two biotypes: respiratory (polytropic) and en¬ 
terotropic. Following oronasa! inoculation, respiratory 
MHV strains, including MHV-f, -3, -A59, and -JHM, initiate 
infection in the nasal mucosa. Respiratory MHV strains 
then disseminate to multiple organs via the blood, lym¬ 
phatics, or olfactory nerves if the mouse is sufficiently 
susceptible due to age, genotype, or immune status ( 2, 
12). In contrast to respiratory MHV strains which rarely 
replicate in the intestinal mucosa, enterotropic MHV 
strains such as MHV-Y and MHV-RI replicate preferen¬ 
tially in the intestinal mucosa (3, 6). MHV biotypes elicit 
disease in their preferred target organs regardless of 
route of inoculation or immune status of the host. Neona¬ 
tal mice inoculated oronasally, intracerebrally, or intra- 
peritoneally with enterotropic MHV-Y rapidly develop en¬ 
teritis, with minimal involvement of other organs (4; Bart¬ 
hold and Smith, personal communication). Athymic nude 
mice naturally infected with enterotropic MHV-RI devel¬ 
oped lesions largely restricted to the intestine, unlike the 
disseminated pattern of infection that occurs in athymic 
nude mice infected with respiratory strains of MHV (9). 
All ages and genotypes of mice are susceptible to infec¬ 
tion with enterotropic MHV-Y but only young mice de¬ 
velop disease in the form of enteritis (4). 

Two murine carcinoembryonic antigen-related 
(mmCGM) alleles have been identified which encode gly¬ 


coproteins that function as cell surface receptors for 
MHV {11, 14, 15, 25, 26, 28, 29). CGMs are members of 
the biliary glycoprotein subgroup of the carcinoembry¬ 
onic antigen-related glycoprotein family in the immuno¬ 
globulin superfamily {10, 20, 24). Both alleles of the MHV 
receptor encode proteins that have a similar structure 
with a leader peptide, four immunoglobulin-like domains, 
a transmembrane domain, and a cytoplasmic domain. 
Differential splicing of these two isoforms generates pro¬ 
teins containing either two or four of the immunoglobulin¬ 
like domains {14, 15, 28, 29). The MHVR four domain 
and two domain isoforms [MHVR(4d) and MHVR(2d)] are 
present in many tissues, including the liver, intestine, 
and brain of BALB/c, C57BL76, and C3H mice, whereas 
the mmCGM 2 (4d) and mmCGM 2 (2d) isoforms are present 
in tissues of SJL mice {14, 28, 29). Outbred CD-I mice 
express the MHVR(4d), MHVR(2d), mmCGM 2 (4d), and 
mmCGM 2 (2d) isoforms {10, 19, 20, 24). The MHVR and 
mmCGM 2 isoforms have extensive differences in domain 
1, the domain to which MHV-A59 binds {16). The pres¬ 
ence or absence of specific mmCGM isoforms in particu¬ 
lar tissues and inbred mouse strains has been linked to 
the susceptibility or resistance of these tissues and 
mouse strains to infection with some respiratory MHV 
strains {11, 14, 25, 26, 28, 29). The present study was 
undertaken to determine if a correlation exists between 
the capacity of two mmCGM receptor isoforms to serve 
as receptors for enterotropic MHV strains in cell culture 
with the susceptibility of mice expressing these isoforms 
to enterotropic MHV infection. 

Enterotropic MHV strains, including MHV-RI and MHV- 
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Fig. 1. Immunofluorescent staining of coronaviral antigens in MHV-infected BHK mhvr and BHK mmCGM2 cells. Cells were fixed in acetone and viral 
antigens were detected with anti-sialodacryoadenitis virus hyperimmune mouse ascitic fluid and FITC-conjugated goat anti-mouse IgG (Antibodies 
Inc., Davis, CA). (A) BHK MH vr cells infected with MHV-A59 at an m.o.i. of 0.1 at 18 hr postinoculation. (B) BHK MHV r cells infected with MHV-Y at an 
m.o.i. of 4.5 at 18 hr postinoculation. (C) BHK MH vr cells infected with MHV-RI at an m.o.i. of 3 at 18 hr postinoculation. (D) BHK mmC GM 2 cells infected 
with MHV-A59 at an m.o.i. of 5 at 24 hr postinoculation. (E) BHK m mcGM 2 cells infected with MHV-Y at an m.o.i. of 5 at 16 hr postinoculation. (F) 
BHK mm cGM 2 cells infected with MHV-RI at an m.o.i. of 5 at 24 hr postinoculation. Magnification, 200x. 


Y, have traditionally been difficult to cultivate in cultured 
cells. MHV-Y was isolated in NCTC 1469 cells from the 
intestine of an infant mouse with acute typhlocolitis and 
MHV-RI was isolated in CMT-93 cells from a nude mouse 
intestine (8, 9). The murine macrophage-derived cell line 
J774A.1, derived from a BALB/c mouse tumor, was found 
to be capable of producing substantial yields of all MHV 
strains tested including MHV-Y, MHV-RI, and MHV-A59. 
J774A.1 cells were obtained from the American Type Cul¬ 


ture Collection {Rockville, MD) and maintained in RPMI 
1640 medium containing 10% fetal bovine serum. J774A.1 
cells have been shown to express MHVR glycoproteins 
on their cell surface ( 13 ). To determine whether MHV-RI 
and MHV-Y can use MHVR glycoproteins as receptors, 
J774A.1 cells were pretreated with a monoclonal antibody 
directed against MHVR (MAb-CCI) and then challenged 
with 100 TCiD 50 of MHV-RI or MHV-Y. MAb-CCI is spe¬ 
cific for an epitope on the N terminal domain of MHVR 
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TABLE 1 


Growth of MHV in BHK MHV r and BHK mmCGM2 Cells 


Hours 

postinoculation® 


BHKMhvr 


B H K mnn CG M2 


A59 

Rl 

Y 

A59 

Rl 

Y 

0 

6.50* 

6.25 

5.25 

ND C 

ND 

ND 

3 

3.50 

3.50 

=£2.50 

=£2.50 

2.75 

2.75 

24 

7.50 

5.50 

3.50 

6.75 

=£2.50 

3.50 

48 

ND 

6.50 

4.25 

ND 

£2.50 

3.25 


a Cells were infected at an m.o.i. ol 4. Two hours postinoculation, 
cell layers were washed and fresh medium was added. At 24 h postin¬ 
oculation, supernatants were removed and fresh medium was added 
to the cell layers. 

b Titers are represented as log 10 TCID B( >/ml in J774A.1 cells. 

c Not determined. 

that is not present in mmCGM 2 {16, 21, 26). Pretreatment 
of J774A.1 cells with MAb-CCI blocked infection with 
both MHV-RI and MHV-Y as determined by the lack of 
visible cytopathic effects (CPE) or viral antigens at 48 h 
postinoculation (data not shown). Pretreatment of J774A.1 
cells with MAb-CCI also blocked MHV-A59 infection of 
J774A.1 cells, though the concentration of antibody 
needed to block infection with MHV-A59 was substan¬ 
tially greater than that needed to block MHV-RI or MHV- 

Y infection. Since MAb-CCI completely blocked infection 
of J774A.1 cells with all three MHV strains, MHVR glyco¬ 
proteins are probably the receptors used by these MHV 
strains to initiate infection in J774A.1 cells. 

To confirm that MHV-RI and MHV-Y were using the 
MHVR isoform and that binding of MHV to an unknown 
receptor was not sterically hindered by MAb-CCI bind¬ 
ing, BHK cells stably transfected with a plasmid encoding 
MHVR (4d) {BHK M hvr) were challenged with virus. Both 
MHV-RI and MHV-Y infected BHK MH vr cells and caused 
cell fusion (Fig. 1). All syncytia contained viral antigen 
as detected by immunofluorescence, but syncytia were 
much less numerous in MHV-RI- and MHV-Y-infected 
cultures than in MHV-A59-infected cultures even when 
MOIs were 50- to 100-fo(d higher for MHV-Ri and MHV- 

Y than for MHV-A59. While the proportion of fused cells 
was similar in cultures infected with MHV-RI or MHV-Y, 
the infectious virus yields differed substantially (Table 1). 
In multiple experiments, MHV-RI produced viral yields 
several orders of magnitudes greater than those of MHV- 
Y. Attempts to increase the titers of MHV-Y produced in 
BHK mhvr cells, by multiple passages of MHV-Y in 
BHK M hvr cells, were unsuccessful. These cells continued 
to yield less than 10 5 TCID 50 /ml of MHV-Y. Equivalent 
titers of MHV-Y were produced in BHK MH vr cells using 
stocks which had been passed once or 10 times in tissue 
culture, indicating that the low titers obsen/ed were not 
simply the result of studying a noncell culture-adapted 
strain of MHV (data not shown). Equivalent titers of MHV- 

Y were produced in J774A.1 and L2.Percy cells at 33, 37, 


and 39°, indicating that the low viral titers measured in 
BHK M hvr cells at 37° were not the result of studying a 
temperature-sensitive strain of MHV (data not shown). 
MHV-RI and MHV-Y did not infect receptor-negative BHK 
cells based on the lack of visible CPE and viral antigen 
at 24 hr postinoculation. Pretreatment of BHK MH vr cells 
with anti-MHVR MAb-CCI completely blocked infection 
with MHV-RI and MHV-Y as determined by the lack of 
CPE and viral antigens at 24 hr postinoculation (data not 
shown). Clearly, both MHV-RI and MHV-Y are capable 
of using the MHVR glycoprotein to initiate productive 
infection. 

Infection of adult SJL mice with either enterotropic or 
respiratory MHV strains produces no disease. Respira¬ 
tory MHV strains infect the nasal mucosa of adult SJL 
mice and produce low titers of virus (3, 7). On the other 
hand, enterotropic MHV strains infect the intestinal mu¬ 
cosa of adult SJL mice and produce high viral yields in 
the ascending colons (4; unpublished data). To determine 
whether MHV-RI and MHV-Y can use the mmCGM 2 re¬ 
ceptor isoform to initiate productive MHV infections, BHK 
cells stably transfected with a plasmid encoding 
mmCGM 2 (2d) [BHK mmC GM 2 ] were challenged with virus. 
Both MHV-Y and MHV-A59 infected BHK mrnCGM2 cells, pro¬ 
ducing numerous large syncytia with greater than 75% 
of the cells forming syncytia by 24 hr postinoculation (Fig. 
1). Even though the majority of cells in MHV-Y-infected 
cultures formed syncytia, only low yields of infectious 
MHV-Y were produced (Table 1). Attempts to increase 
the titers by multiple passages of MHV-Y in BHK mmC GM 2 
cells proved to be unsuccessful, as the cells continued to 
yield less than 10 5 TCID 50 /ml of MHV-Y. In four separate 
experiments, neither visible CPE nor viral antigen was 
detectable in BHK mmC GM 2 cells inoculated with MHV-RI at 
m.o.i.s as high as 5 and after infection intervals as long 
as 72 hr (Fig. 1). As predicted by the lack of CPE and 
viral antigen, MHV-RI did not produce detectable infec¬ 
tious virus in BHK mmCG M 2 cells (Table 1). It is important 
to note that the inability of BHK mmC GM 2 cells to support 
MHV-RI replication is not due to the inability of 
transfected BHK cells to replicate MHV-RI, since BHK MH vr 
cells support replication of MHV-RI. Therefore the block 
in MHV-RI replication in BHK mmC GM 2 cells appears to be 
at the receptor level, either at the binding or the internal¬ 
ization event. 

Preliminary studies have shown that infant and adult 
SJL mice are susceptible to MHV-RI infection (unpub¬ 
lished data). In an attempt to identify a receptor for MHV- 
RI on SJL cells, thioglycollate-stimulated peritoneal exu¬ 
date cells (PEC) from SJL mice were challenged with 
MHV-RI. PEC were harvested from 6-week-old mice 3 to 
4 days after intraperitoneal inoculation with 1 ml of sterile 
thioglycollate broth (REMEL, Lexena, KS) and were main¬ 
tained in RPMI medium containing 5% FBS and 50 (xM 
2-mercaptoethanol on glass chamber slides (Nunc Inc, 
Naperville, IL). SJL PEC did not yield detectable MHV-RI 
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Fig. 2. Immunofluorescent staining of coronaviral antigens in MHV-infected thioglycollate-elicited peritoneal exudate cells from SJL mice. Cells 
were fixed in acetone and viral antigens were detected with anti-sialodaeryoadenitis virus hyperimmune mouse ascitic fluid and FITC-conjugated 
goat anti-mouse F(ab') z fragment of IgG (Kirkegaard and Perry Laboratories, Inc., Gaithersburg, MD). (A) SJL peritoneal exudate cells infected with 
MHV-A59 at an m.o.i, of 2.5 at 48 hr postinoculation. {B} SJL peritoneal exudate cells infected with MHV-Y at an m.o.i. of 2.5 at 48 hr postinoculation. 
(C) SJL peritoneal exudate cells infected with MHV-R1 at an m.o.i. of 2.5 at 48 hr postinoculation. Magnification, 200X. 


antigen or infectious virus (Fig. 2 and Table 2). In contrast, 
inoculation of SJL PEC with MHV-Y resulted in detectable 
viral antigen in single cells and small syncytia (Fig. 2), 
although no infectious virus was detectable at 24, 48, 72, 
or 96 hr postinoculation (Table 2). Inoculation of SJL PEC 
with MHV-A59 resulted in virus antigen production in 
single cells and small syncytia (Fig. 2). Unlike MHV-Y, 
infectious MHV-A59 was produced in SJL PEC with peak 
yields of 10 5 TCID 50 /rnl at 48 hr postinoculation (Table 
2). As expected, MHV-A59, MHV-RI, and MHV-Y infected 
PEC from BALB/c mice (Table 2), Peak virus yields in 
BALB/c PEC occurred within 24 hr postinoculation with 
both MHV-Y and MHV-A59 but were not reached until 
72 hr postinoculation with MHV-RI which yielded 10 625 
TCID 50 /ml. These studies indicate that MHV-RI probably 
uses a molecule other than mmCGM 2 as a receptor In 

TABLE 2 


Growth of MHV in Peritoneal Exudate Cells 


Virus 

BALB/c 

SJL 

Yield 

Antigen 

Yield 

Antigen 

MHV-A59 

9,25 s 

>90 & 

5.00 

<10 

MHV-RI 

3.37 

20 

<1.5 

0 

MHV-Y 

4.00 

50 

*1.5 

<10 


a 8ALB/c cells were infected at an m.o.i. of 0.1 and SJL cells were 
infected at an m.o.i. of 2.5. Two hours postinoculation, cell layers were 
washed and fresh medium was added. Supernatants were removed 
from BALB/c cells 24 hr postinoculation and from SJL cells 48 hr postin¬ 
oculation, and slides were acetone-fixed for immunofluorescent stain¬ 
ing. Viral yields are represented as log, a TCID 50 in J774A.1 cells. 

6 Approximate percentage of viral antigen-containing cells as de¬ 
tected by immunofluorescence using mouse anti-sialodaeryoadenitis 
virus hyperimmune mouse ascitic fluid and FlTC-conjugated goat anti¬ 
mouse Rab') 2 fragment of IgG (Kirkegaard and Perry, Gaithersburg, 
MO), 


SJL mice. They further suggest that this molecule is either 
not expressed on SJL PEC membranes or that binding 
does not lead to productive infection of these cells. It 
is clear from these studies as well as those of other 
investigators (17, 18, 22) that SJL PEC are extremely re¬ 
sistant to infection with MHV-A59, JHM, and Y, but a 
small proportion of SJL PEC can be infected producing 
detectable viral antigen and/or low titers of infectious 
virus. The ability of a respiratory MHV strain, MHV-A59, 
to replicate in SJL PEC harvested from 6-week-old mice 
is not completely unexpected as virus replicates locally 
in the nasal mucosa of 6-week-old SJL mice inoculated 
intranasally with MHV-JHM or MHV-S and resistance to 
MHV-JHM-induced encephalitis following intracerebral 
inoculation has been shown to be incomplete in 6-week- 
old SJL mice (5, 7, 23). 

Both respiratory and enterotropic MHV strains use 
MHVR to initiate productive infection in cell culture, but 
care must be taken when extrapolating findings obtained 
in cell culture to what is occurring in the whole animal. 
While cell culture has allowed us to identify mmCGM 
isoforms that can serve as functional MHV receptors, it 
will be important to ascertain the levels and distribution 
of each receptor protein in various tissues of the animal 
before drawing conclusions about the importance of a 
single protein as a determinant in the pathogenesis of 
MHV infections. Initiation of infection is only the first step 
in the virus life cycle. While many cell types may express 
functional receptors, the virus may not have access to 
these cells during natural infection. Also, not all cell types 
that express functional receptors may be capable of sup¬ 
porting the complete virus life cycle and producing infec¬ 
tious virus (1, 27). While MHV-RI and MHV-Y use MHVR 
glycoproteins to initiate infection, low or undetectable 
concentrations of virus are produced by most cell lines 
used to grow respiratory MHV strains (unpublished data), 
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indicating that the limited tissue tropism of enterotropic 
MHV strains may be due to the absence of cellular fac¬ 
tors, other than receptors, necessary to complete the 
viral life cycle in tissues other than the intestine. More 
detailed studies of the cellular factors necessary to repli¬ 
cate respiratory and enterotropic MHV strains are neces¬ 
sary to understand better the differences in the patho¬ 
genesis of these different MHV biotypes. 

ACKNOWLEDGMENTS 

The author is grateful to Kathryn Holmes and Gabriela Dveksler for 
kindly providing BHK mhvr and BHK mmCGM2 cells and MAb-CCI and for 
many helpful discussions. The author also thanks Abigail Smith, Ste¬ 
phen Barthold, and Mark deSouza for helpful discussions and Francis 
Coyle for his technical assistance. This work was supported by Grant 
RR02039 from the National Center for Research Resources, National 
Institutes of Health (Bethesda, MD). 

REFERENCES 

1 . Asanaka, M., and Lai, M. M. C., Virology 197, 732-741 (1993). 

2. Barthold, S. W., in "Viral and Mycoplasmal Infections of Laboratory 

Rodents" (P. N. Bhatt and R. 0. Jacoby, Eds.), pp. 571-601. 
Academic Press, New York, 1986. 

3. Barthold, S. W., Lab. Anim. Sci. 37, 36-40 (1987). 

4. Barthold, S. W„ Beck, D. S„ and Smith, A. L, Lab. Anim. Sci. 43, 

276-284 (1993). 

5. Barthold, S. W., Beck, D. S., and Smith, A. L., Arch. Virol. 91, 247- 

256 (1986). 

6. Barthold, S. W., and Smith, A. L., Arch. Virol. 81, 103-112 (1984). 

7. Barthold, S. W., and Smith, A. L., Virus Res., 7, 225-239 (1987). 

8 . 8arthold, S. W., Smith, A. L, Lord, P. F. S. t Bhatt, P. N., Jacoby, 

R. O., and Main, A. J., Lab. Anim. Sci. 32, 376-383 (1982). 

9. Barthold, S. W., Smith, A. L., and Povar, M. L., Lab. Anim. Sci. 35, 

613-618 (1985). 

10. Beauchemin,' N.. Turbide, C„ Afar, D., Bell, J., Raymond, M., Stan- 

ners, C, P., and Fuks, A., Cancer Res. 49, 2017-2021 (1989). 


11. Boyle, J. F., Weismiller, D. G., and Holmes, K. V.,7. Virol. 61, 185 — 

189 (1987). 

12. Compton, S. R„ Barthold, S. W., and Smith, A. L, Lab. Anim. Sci 

43, 1-14 (1993). 

13. Compton, S. R., Stephensen, C. B., Snyder, S. W., Weismiller, D. G., 

and Holmes, K. V.,7. Virol. 66, 7420-7428 (1992). 

14. Dveksler, G. S„ Dieffenbach, C. W., Cardeluchio, C. B., McCuaig, 

K„ Pensiero, M, N„ Jiang, G.-S., Beauchemin, N„ and Holmes, 
K. V., J. Virol. 67, 1-8 (1993). 

15. Dveksler, G. S., Pensiero, M. N., Cardellichio, C. B., Williams, 

R. K., Jiang, G.-S., Holmes, K. V., and Dieffenbach, C. W., J. Virol. 
65, 6881-6891 (1991). 

16. Dveksler, G. S.. Pensiero, M. N„ Dieffenbach, C. W„ Cardellichio, 

C. B„ Basile, A. A., Elia, P. E., and Holmes, K. V,, J. Virol. 90, 
1716-1720 (1993). 

17. Knobler, R. L, Haspel, M. V„ and Oldstone, M. B. A„ J. Exp . Med. 

153, 832-843 (1981). 

18. Knobler, R. L„ Tunison, L A., and Oldstone, M. B. A., J. Gen. Virol. 

65, 1543-1548 (1984). 

19. McCuaig, K., Rosenberg, M., Nedellec, P., Turbide, C., and 

Beauchemin, N. r Gene 127, 173-183 (1993). 

20. McCuaig, K., Turbide, C„ and Beauchemin, N„ Cell Growth Differ. 

3, 165-174 (1992). 

21. Smith, A. L., Cardellichio, C. B., Winograd, D. F., deSouza, M., 

Barthold, S. W., and Holmes, K. V., J. infect. Dis. 163, 879-882 
(1991). 

22. Smith, M. S.. Click, R. E., and Plagemann, P. G. W„ J. Immunol. 

133, 428-432 (1984). 

23. Stohlman, S. A., and Frelinger, J. A., Immunogenetics 6, 277-281 

(1978). 

24. Turbide, C., Rojas, M„ Stanners, C. P., and Beauchemin, N., J. Biol. 

Chem. 266, 309-315 (1991). 

25. Williams, R. K., Jiang, G.-S., and Holmes, K. V., Proc. Natl. Acad. 

Sci USA 88, 5533-5536 (1991). 

26. Williams, R. K. r Jiang, G.-S., Snyder, S. W., Frana, M. F., and Holmes, 

K. V., J. Virol. 64, 3817-3823 (1990). 

27. Yokomori, K., Asanaka, M., Stohlman, S. A., and Lai, M. M. C„ 

Virology 196, 45-56 (1993). 

28. Yokomori, K., and Lai, M. M. C J. Virol. 66, 6194-6199 (1992). 

29. Yokomori, K., and Lai, M. M. C., J. Virol. 66, 6931-6938 (1992). 



